Spectroscopic binarity of the Cepheid variable HV914 in the Large Magellanic Cloud is pointed out from the published radial velocity observational data. The list of known binaries among Cepheid type variable stars in the Magellanic Clouds is published in tabular form. The census indicates a serious deficiency of Cepheids with known companions as compared with their Galactic counterparts, whose implications are also discussed. A particular amplitude ratio (A V rad /A B ) of individual Magellanic Cepheids is studied in order to select promising candidates of spectroscopic binaries worthy of thorough radial velocity studies.
INTRODUCTION
Extragalactic Cepheid variable stars are key objects in astronomy because they are standard candles (primary distance indicators) owing to the correlation between their pulsation period, P , and luminosity, L -the well known P -L relationship.
The Magellanic Clouds have been pivotal objects in the permanent recalibration of the P -L relationship because the slope of this relationship is usually based on Cepheids in these two nearby extragalactic systems, while several carefully selected Galactic Cepheids serve as calibrators of the zero-point of the relationship.
When attempting to improve the calibration, one of the main goals is to decrease the spread of the points around the ridge-line fit. The dispersion of the relationship is caused by various factors (recently summarized by Szabados & Klagyivik 2012) . One of these factors is the presence of a companion to the Cepheid.
The frequency of occurrence of binaries among Galactis Cepheids exceeds 50 per cent (Szabados 2003) . There is, however, a strong observational selection effect that hinders the discovery of binarity, as pointed out by Szabados (2003) . Owing to their distances, Cepheids in the Magellanic Clouds appear much fainter than their Galactic counterparts. One of the consequences of this fact is the extremely low number of Cepheids known to be members in binary systems in the Magellanic Clouds (see Sect. 3).
Binarity of Cepheids can be revealed by spectroscopic, photometric, or astrometric methods as summarized by Szabados & Klagyivik (2012) . In the case of Cepheids in the ⋆ E-mail: szabados@konkoly.hu Magellanic Clouds, the spectroscopic method is the most efficient one in revealing binarity. The spectroscopic signs that hint at the presence of a companion include: -a secondary star hotter than the Cepheid component results in an excess flux in the UV region as compared to the normal Cepheid spectrum; -variations in the radial velocity due to the orbital motion superimposed on those of pulsational origin. Cepheids in the Magellanic Clouds are too faint for UV spectroscopy with the current and former equipments (e.g., the IUE space mission dedicated for UV spectroscopy). Optical spectroscopy can be, however, instrumental in increasing the number of known spectroscopic binaries among Magellanic Cepheids. The orbital effect can be observed if the line of sight towards the Cepheid is nearly parallel or subtends a small angle to the orbital plane of the spectroscopic binary system.
In this paper we point out spectroscopic binary nature of HV914 in the Large Magellanic Cloud (LMC) (Sect. 2). Based on a comprehensive search for relevant data and papers in the literature, we publish a state-of-the-art census of known binaries among Magellanic Cepheids (Sect. 3) and select several suspected binaries suggested for dedicated spectroscopic studies (Sect. 4).
HV914
The brightness variability of this Cepheid located in the LMC was discovered by Leavitt (1908) based on Harvard photographic plates. The Cepheid nature of variability and the first value of the pulsation period (6.8795 d) was published by Payne-Gaposchkin (1971). Further observations Figure 1 . OGLE-III photometric V phase curve of HV914 (Soszyński et al. 2008a ). The data have been folded on the period rounded to 6.8784 d, the zero phase set arbitrarily at JD 2 400 000 of this Cepheid have not been performed until the commencement of the microlensing projects. The analysis of the extensive OGLE-III photometric data set (obtained in V and I bands) resulted in an accurate period of 6.8783932 d (Soszyński et al. 2008a ). The phase curve in V band is plotted in Fig. 1 .
Recently, HV914 was included in a spectroscopic observational project of Magellanic Cepheids (Storm et al. 2011 ). The impressive radial velocity phase curves published by Storm et al. (2011) densely cover the whole pulsation cycle for all target Cepheids and the individual data scatter around the normal curve by less than 0.1 km s −1 for the 22 program stars except HV914 (see Fig. 2 in Storm et al. 2011) .
In the case of classical Cepheids, such excessive dispersion of the radial velocity phase curve can be caused by: -using an inaccurate period when plotting the phase curve; -an additional excited mode; -spectroscopic binarity.
The value of the pulsation period is accurately known from the precise OGLE-III photometric data covering the years 1997-2008. Because the radial velocity data by Storm et al. (2011) are based on observations performed during the years 2000-2003, the same period can be assumed as obtained from the OGLE-III data: 6.8783932 d. In fact, Storm et al. (2011) plotted their radial velocity data for HV914 using the period of 6.878425 d which is not identical with the previous value but this slight difference (of 0.000032 d) cannot be responsible for the dispersion exceeding 5 km s −1 seen in the radial velocity phase curve. The high-quality light curve (Fig. 1) testifies that HV914 is a single-mode Cepheid. An indirect additional evidence in favour of the single-mode pulsation is the fact, that secondary periods are only excited in Cepheids with fundamental period shorter than 4 days in the LMC (Soszyński et al. 2010a) .
If HV914 has a physical companion orbiting the Cepheid component, the orbital period cannot be shorter than 1-2 years, because Cepheids are supergiant stars. In this case a seasonal shift is expected in the radial velocity phase curve whose amount depends on the orientation of the orbital plane with respect to the line of sight. In fact, such seasonal shifts are noticeable in Fig. 2 . The thousandday observational interval was not sufficiently long to cover a complete orbital cycle. But even in this case, the monotonic shift of the centre-of-mass radial velocity (γ-velocity) plotted in Fig. 3 refers to the orbital motion, i.e., to spectroscopic binarity of HV914.
KNOWN BINARIES AMONG THE MAGELLANIC CEPHEIDS
There are 3361 known classical Cepheids in the LMC (Soszyński et al. 2008a ) and 4630 classical Cepheids are known in the SMC (Soszyński et al. 2010a) . Tables 1-2 list all non-solitary Cepheids (i.e., classical and Type II Cepheids, as well) known in the LMC and SMC, respectively. In view of the high incidence of binaries among Galactic classical Cepheids, there is a serious deficiency of known binaries among Magellanic Cepheids.
In the LMC, four Cepheids are members in spectroscopic binaries, 11 Cepheids show eclipsing variability superimposed on the pulsational variations. Furthermore, there are 3 double Cepheids which probably form physi- Soszyński et al. (2010b) cal pairs consisting of two Cepheid components. Such pairs are similar to the Galactic binary Cepheid CEa Cas + CEb Cas. This archetype of Cepheid pairs is described by Opal et al. (1988) . Interestingly, one of the double Cepheids in the LMC shows eclipsing light variations, as well, i.e., this system consists of three components. Triple systems frequently occur among Galactic classical Cepheids, see the on-line data base of binary Cepheids: http://www.konkoly.hu/CEP/intro.html.
As to the SMC, there are 4 known spectroscopic binaries and 5 eclipsing binaries involving a Cepheid component, as well as 5 double Cepheids. In addition, 3 Cepheids show variability typical of ellipsoidal binaries superimposed on the pulsational variations.
The frequency of known binaries among Magellanic Cepheids is at least two orders of magnitudes lower than the corresponding frequency of binaries among Galactic classical Cepheids. This must be an observational selection effect. Therefore, discovery of a plethora of new binary systems among Magellanic Cepheids is expected from a suitable observational material.
SELECTION OF MORE CANDIDATE BINARIES
To facilitate the selection of promising binary candidates among Magellanic Cepheids, we applied the amplitude ratio criterion (see Klagyivik & Szabados 2009 ). This method is based on the fact that a companion star decreases the observable photometric amplitude while the amplitude of radial velocity variations (AV rad ) remains unaffected, or an unrevealed orbital motion superimposed on the V rad variations of pulsational origin even increases the observable peak-topeak amplitude. A thorough study of more than 200 Galactic Cepheids (Klagyivik & Szabados 2009 ) has shown that the average value of the amplitude ratio AV rad /AB (where AB is the peak-to-peak photometric amplitude in the John- To determine the q value of Magellanic Cepheids, we collected the B and V photometric data and the spectroscopic radial velocity observational data published in the literature or accessible from public online data bases. We redetermined the pulsation period using the program package mufran (Kolláth 1991) . The peak-to-peak amplitudes were determined from the phase curve folded with this period and the Fourier fit taking into account the shape of the phase curve (at certain period values the Hertzsprung progression of Cepheids results in rather sharp features in the phase curves that may affect the amplitude). The results are summarized in Tables 3 and 4 for the Cepheids in the LMC and SMC, respectively. The individual columns of both tables contain the following data: 1. -Identification of the Cepheid; 2. -Pulsation period (in days) rounded to two decimals; 3. -Peak-to-peak amplitude in the Johnson B band, AB; 4. -Peak-to-peak amplitude in the Johnson V band, AV ; 5. -Peak-to-peak radial velocity amplitude, AV rad ; 6. -The q amplitude ratio; 7. -The ratio of amplitudes in V and B bands, AV /AB; 8. -The q ′ amplitude ratio explained in the text; 9. -Pulsation mode (F for fundamental mode, 1OT for first overtone pulsation; 10. -Sources of the observational data listed as footnotes to the respective tables. This q-method involves the B photometric amplitude because the overwhelming majority of Cepheid companions are blue stars thus the diminution of the amplitude in B is more prominent than in the V band. Bband photometry for Magellanic Cepheids is often unavailable because extragalactic Cepheids are much fainter than their Galactic counterparts. Extensive photometry in V band is, however, available in the OGLE-III data base (http://ogledb.astrouw.edu.pl/∼ogle/CVS/). The V amplitudes in Tables 3 and 4 are listed based on the analysis of these data without mentioning this source in the last column.
The known photometric amplitude in the V band allowed us to compute a 'pseudo'-q value based on the fact that there exists a close correlation between the V and B photometric amplitudes of Cepheids: the ratio of AV /AB = 0.685 ± 0.004 for Galactic Cepheids without known companions (Klagyivik & Szabados 2009 ). The corresponding amplitude ratio is AV /AB = 0.66 ± 0.01 for the Magellanic Cepheids involving both Clouds from the data listed in Tables 3 and 4. Here binary Cepheids have not been excluded causing a slight increase in the actual value of the ratio that, however, can be neglected for our purpose. The missing AB value was then replaced by AV /0.66 in calculating the q parameter. The value derived in such a way is denoted as q ′ , and this was referred to as the 'pseudo'-q value.
Again, an excessive value of q ′ can be a sign of a companion. Those Cepheids which have both q and q ′ values show reliability of the q parameter, and the large value of either q or q ′ parameter testifies usefulness of this binarity indicator. The known spectroscopic binaries HV883, HV12202, HV12204 in the LMC, as well as HV11157 in the SMC all have much larger q and/or q ′ values than the corresponding average for Cepheids of the given pulsation mode. Moreover, HV837 is an example for a Cepheid in a spectroscopic binary that has an almost normal q value.
There are other Cepheids showing excessive q and/or q ′ values: HV1005, HV2538, HV5655, HV12505, NGC1866-V4, NGC1866-We8, and U1 in the LMC, as well as HV1365 and HV834 in the SMC. All of them are fundamental mode pulsators. A dedicated radial velocity study of these Cepheids can lead to the discovery of their spectroscopic binary nature.
Some radial velocity data are available for each of these candidate binaries. -For HV2538, HV5655, and HV12505 the data were collected during a time interval as short as two weeks in 2005 (Storm et al. 2011) , thus a second epoch radial velocity series can help reveal a variable γ-velocity. -The 7 v rad values published for NGC1866-V4 cover only a week (Welch et al. 1991 ). -There are 53 radial velocity data on HV834 obtained between 1981 and 1985 (Imbert et al. 1989 ) but the phase curve does not indicate any variability in the γ-velocity.
For the other four candidates, there are some pieces of evidence of binarity based on the available radial velocity data. -HV1005 was observed by Storm et al. (2011) -Data for U1 were also obtained by Storm et al. (2011) in three different observing seasons. Unfortunately, different parts of the phase curve were covered in each season, so there is no apparent dispersion of the data points but the shape of the phase curve is untypical of the given pulsation period. However, the strange shape of the phase curve can be reconciled by some vertical shift of the data obtained in different years, i.e., by "adjusting" the γ-velocity. -The available radial velocity data on HV1365 were obtained in three observing seasons (Caldwell et al. 1986 ). An annual shift in the γ-velocity is suspected that has to be confirmed by new and more accurate radial velocity data.
-The clearest (though still weak) spectroscopic evidence of binarity exists for NGC1866-We8, whose radial velocity phase plot (based on 6 data) contains a deviating point (from 1989) with respect to the 5 observational data obtained in 1988 (see Fig. 30 in Welch et al. 1991 ).
Revealing binarity of individual Cepheids in the Magellanic Clouds is important because the calibration of the P -L relationship relies on the slope determined from Magellanic Cepheids. Companions to Cepheids increase the dispersion of the resulting P -L relationship. Moreover, shorter period Cepheids are more affected by the adverse photometric effects because of smaller luminosity difference between the Cepheid and its companion. This may even cause a period dependent slope of the P -L relationship.
To avoid such distorsions, Cepheids with known companions have to be excluded from the calibration of the P -L relationship. If, however, physical properties of the companions can be determined, the P -L relationship can be calibrated based on the binary Cepheids themselves (see e.g., Evans 1992).
CONCLUSION
Spectroscopic binarity of HV914, a Cepheid in the Large Magellanic Cloud has been revealed from existing radial velocity data. Further accurate data are necessary to determine the orbital elements.
The census of Cepheids known to belong to binary systems is also studied for both Magellanic Clouds. The serious deficiency of binary member Cepheids (with respect to their Galactic counterparts) is explained by the lack of dedicated observational studies. Radial velocity observations of a large number of Cepheids in the Magellanic Clouds, especially those having high values of the q and/or q ′ amplitude ratios (listed in this paper) are desirable.
